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Dendritic cells (DCs) are potent antigen-presenting cells (APCs); 
they are consdered to be the most Important APC in the lung. Re- 
cently, the number of DCs in the large airways was demonstrated 
to Increase in patients with atopic asthma, leading to the concept 
that DCs play an important role in airway Inflammation. However, 
little is known about the distribution of lung DCs In the small air- 
ways under other pathological conditions The aim of the present 
study was to examine the distribution of DCs in the bronchiolar 
tissues in patients with diffuse panbronchiolitis (DPB), which is a 
chronic inflammatory disorder of the airways histoiogically charac- 
terized by peribronchiolitis. We investigated the distribution of 
DCs in the bronchiolar tissues of the lungs in 11 patients with DPB 
and 7 control subjects with normal lungs uding immunohislochem- 
ical methodsL Marked Increases in the number of CDIa*, CD1c^, 
and CD83^ DCs were found in both the bronchiolar epithelium 
and submucosal tissues of patients with DPB, compared with con- 
trol subjects with normal lungs. The mo^ striking increase oc- 
curred in the number of DCs expressing CD83, a marker of mature 
DCsi in the submucosal tissues of patients with DPB. The increases 
of these positive cells in patients with DPB were more marked In 
the submucosal tissuesthan in the epithelium. The bronchiolar ep- 
ithelial cells in patients with DPB Wrongly expressed GM-CSF pro- 
tein, which is an important cytokine for the differentiation and 
function of DCs, suggesting that the Increased local production of 
GiUI-CSFmay be responable for the accumulation and differentia- 
tion of DCs in the bronchiolar tissues of patients with DPB. These 
results suggest that increased DCs in the bronchiolar tissues^ to- 
gether with their phenotyplcai maturation, may play an important 
role in the mucosal Immune response in patients with DPB through 
their potent antigen-presenting function. 

Dendritic cells (DCs) are the most potent antigen-presenting 
cells (APC) and play a central role in initiating primary im- 
mune responses (1, 2). DCs, widely distributed in virtually all 
organs except the brain, are preferentially in the mucosal sur- 
face, where they act as sentinels, sampling antigens and induc- 
ing immune responses against them (3). In the lung, DCs have 
been demonstrated to form a tightly meshed network in the 
epithelium of large airways (4). Thus, it is speculated that 
these airway DCs are strategically positioned to take up in- 
haled antigens, migrate to the local lymph nodes, and present 
the antigens to naive T cells in regional lymph nodes, leading 
to the initiation of an immune response in the lung. In addi- 
tion, DCs are known to be very effective in stimulating mem- 
ory T cells during secondary immune reactions. In the lungs of 



{f^ved In original form dJiy 6, 1999 and in rm^ form November 22, 1999) 
Tatofuml Suda was supported by a grant-in-aid for scientific research (11670572) 
from the Jbpan Sjciety for the Rromotlon of Science. 

Correspondence aid requests for reprints should be addressed to Takafumi 
Suda, M,D., Sscond Division of Internd Medicine, Hamamatsu University School 
of Medicine, 3600 Handa-cho, Hamamatsu, 8iizuoka, 431-3192 vhpan. Email: 
sud a(gh am a-m ed , ac.jp 

Am J Respir Crit Care M ed Vol 1 62. pp 1 48-1 53, 2000 
Internet address: www.at^ournal&org 



rodents and humans, alveolar macrophages were shown to 
have poor antigen-presenting function compared with DCs (5, 
6). More recently, the suppressive regulatory role of alveolar 
macrophages has been emphasized (7). Thus, DCs are thought 
to be the most important APC in the lung because of their lo- 
cation and potent antigen-presenting capacity. 

Recently, several studies have reported increased numbers 
of DCs in the large airways of patients with atopic asthma, 
suggesting that DCs play an important role in the inflamma- 
tion of airways in patients with asthma (8-10). These findings 
suggest the possibility that the number of airway DCs might be 
increased under other pathological conditions causing chronic 
airway inflammation and that increased DCs may be involved 
in the mucosal immunity of these conditions via their potent 
antigen-presenting function. However, little is known about 
the number, distribution, and differentiated state of lung DCs 
in other lung diseases that occur in humans. Moreover, the dis- 
tribution of DCs in the small airways remains to be deter- 
mined, especially under pathological conditions. 

Diffuse panbronchiolitis (DPB) is first described by Homma 
and coworkers as a chronic infiammatory disorder of the air- 
ways characterized histologically by peribronchiolitis with in- 
filtration of lymphocytes and plasma cells (11-13). Patients 
with DPB usually present with productive cough, shortness of 
breath, and coarse crackles. Their chest X-rays show bilateral 
diffuse granular opacities predominantly in the lower lung 
fields. Pulmonary function tests reveal hypoxia and obstructive 
impairment. Because the bronchioles and their adjacent areas 
are primarily inflamed in patients with DPB, it is possible that 
the number of DCs in the small airways may be altered in pa- 
tients with DPB. So far no report has described the distribution 
of DCs in the bronchiolar tissues of patients with DPB. 

The purpose of this study is to elucidate the distribution of 
DCs in the bronchiolar tissues of patients with DPB and com- 
pare it with the distribution observed in control subjects with 
normal lungs, employing immunohistocheraical studies with 
DC-specific antibodies. 

METHODS 

Patients 

The study population included 11 patients with DPB who underwent 
an open lung biopsy or video-assisted thoracoscopic lung biopsy. The 
diagnosis of DPB was based on the clinical criteria established by 
Homma and Yamanaka and was confirmed histologically by the pres- 
ence of the distinct pathological features including chronic inflamma- 
tion with infiltration of mononuclear cells and an accumulation of 
foam cells around the bronchioles (11-13). There were seven men and 
four women, with a Wean-age^of 50 yr. All of the patients with DPB 
were nonsmokers. As a control, lung tissues were obtained at the 
open thoracotomy from seven patients (four men and three women; 
with a mean age 58 yr) with primary lung cancer (n 5), hamartoma 
(n = 1), and tuberculoma (n = I). Lung tissues at a distance from the 
lesions, showing no abnormality, were used as normallung tissues. All 
patients except one were nonsmokers. 
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Histology and Tissue Processing 

Lung biopsy specimens were obtained from at least one site in two or 
three lobes in each patient with DPB. In the group of control subjects, 
wc took specimens at two different sites distant from the lesion. For 
U^t microscopic examination, lung tissues were fixed in 10% formal- 
dehyde and embedded in paraffin. Then 4-|Ji.m-thick sections were cut 
and stained with hematoxylin and eosin. For iramunohistocheraical 
study, lung tissues were frozen by immersion in liquid N2, embedded 
in O.C.T. Tissue-Tek (Miles, Elkhart, IN), and stored at -80" C. Fro- 
zen sections (4 fLm) were cut on a cryostat (Bright, Huntington, UK) 
and placed on poly-L-lysine-coated microscopic slides. Sections were 
air dried for 1 h and stored at -80° C. 

Immunohistochemistry 

Immunohistochemical analysis was performed using a modified strepta- 
vidin-biotin-peroxidase complex method with a Histofine SAB-PO 
kit (Nichirei, Tokyo, Japan). The following monoclonal antibodies 
(mAb) were used: anti-CD la (0 10; Immunotcch, Marseille, France), 
anti-CD Ic (L161; Immunotech), anti-CD83 (HE 15a, Iramunotech), 
anti-granulocyte-macrophage colony-stimulating factor (GM-CSF) 
(126.2.L3.2; Genzyrae, Cambridge MA), and anti-CD68 (KPl, Zymed, 
CA). Briefly, 4-|xm sections were fixed in acetone for 10 min at room 
temperature (RT). Nonspecific protein staining was blocked with goat 
serum. The slides were then treated with 0.3% hydrogen peroxidase 
to eliminate endogenous peroxidase for 20 min at RT, and incubated 
with the primary antibody for 1 h at RT, followed by biotinylated goat 
anti-mouse immunoglobulin antibody for 20 min at RT. The slides 
were then incubated with strepta vidin-biotin-peroxidase complex for 
15 ram at RT. They were developed with 3-amino-9-ethylcarbazole 
(AEC) and counterstained with hematoxylin. 

Quantitative Analysis of Poative Cells in Lung Tissues 

To quantify the numerical densities of cells positive for staining with 
mAbs in the epithelium and submucosal tissue of bronchioles, images 
of sections were analyzed using a computer. Briefly, images of each 
section were made in a microscope (Vanox AHBS3; Olympus Corp., 
Tokyo, Japan) with a CCD camera (Fujbt HC-2000; Fujifilra Corp., 
Tokyo, Japan). In each case, imraunostained sections from two or 
three lung tissues were examined. Then, in each image, we counted 
the numbers of cells that were reactive with mAbs in the epithelium 
and submucosal tissue of bronchioles separately and also measured 
the length of the epithelial basement membrane corresponding to the 
evaluated area using an image analysis software (Mac Scope Version 
2.1.7, Mitani Corp., Tokyo, Japan). Submucosal tissue of bronchioles 



was determined to be within an area of 200 \Lm lying beneath the epi- 
thelial basement membrane, excluding mucosal glands and vessels. In 
aU samples, a region with a length of at least 5 mm was evaluated. The 
results were expressed as the mean numbers of positive cells per milli- 
meter of epithelial basement membrane. 

Statistics 

For statistical analysis, the Mann-Whitney U test was used. A p value 
< 0.05 was considered significant. AU data are expressed as mean ± 
S£M unless otherwise specified. 

RESULTS 

ainicai Characteristics of Patients with DPB 

The clinical characteristics of the patients with DPB are summa- 
rized in Table 1. Chronic sinusitis was observed in all patients. 
All patients presented with dyspnea and productive cough with 
the duration of symptoms ranged from 8 to 295 mo, with a mean 
duration of 27.2 mo. Coarse crackles were audible in all patients. 
Nine (90% ) of 10 patients tested revealed increased titers of cold 
agglutination (CHA). An elevation of serum immunoglobulin A 
(IgA) level was seen in five (32%) patients with a mean of 389 
mg/dl. Blood gas analysis showed a decreased Paoj in eight pa- 
tients (73% ) with a mean of 60 mm Hg. The levels of percent vi- 
tal capacity (% VC) and FEVj/FVC were reduced in 8 patients 
(73% ) and 7 patients (64% ), respectively. 

Histologic findings of Patients with DPB 

In all patients with DPB, lymphocytes and plasma cells were 
found to have infiltrated the wall of the respiratory and mem- 
branous bronchioles, accompanied by accumulations of foam 
cells in the bronchial walls and surrounding alveolar septa 
(Figure lA and B). These findings were consistent with those 
found in patients with DPB reported by liomma and cowork- 
ers (11-13). Seven of the patients with DPB had hyperplastic 
lymphoid follicles, which had characteristics of bronchus-asso- 
ciated lymphoid tissue (BALT) as described by Sato and co- 
workers (data not shown) (14). 

Dendritic Cells in the Bronchiolar Epithelium 

In the control subjects with normal lungs, CD la"^ and CD Ic"^ 
cells were present in the bronchiolar epithelium (1.20 ± 0.29 
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Figure 1. Cellular bronchiolitis with infiltration with small mononuclear cells (A original magnification: X16). Hyperplastic lymphoid follicles were 
observed around the bronchiolea Foam cells accumulaled in the bronchlolar wall and surrounding alveolar septa original magnification: X40) 
(hematoxylin-eosin stain). 



and 1.54 ± 0.54 cells/mm, respectively) (Figure 2). These cells, 
displaying a dendritic shape, were predominantly located just 
above the bronchiolar basement membrane (data not shown). 
There were few CD 83"^ cells in the epithelium (0.04 ± 0.04 

cells/mm) (Figure 2). 

In the lungs of the patients with DPB, the number of 
CDla*^ and CDlc"^ cells tended to increase in the bronchiolar 
epithelium (1.96 ± 1.20 and 4.61 ± 2.15 cells/ram, respec- 
tively) compared with control subjects (Figures 2 and 4). In 
addition, the number of CD 83 ' ceils was significantly higher 
in patients with DPB (0.50 ± 0.13 ceils/mm) than in control 
subjects (Figures 2 and 4). 

Dendritic Cells in tlie Submuoosal Tissue of Bronchioles 

CDla"^ and CDlc"*" cells were also found in the bronchiolar sub- 
mucosal tissues of the control subjects with normal lungs (0.19 ± 
0.12 and 0.67 ± 0.40 cells/ram, respectively) (Figure 3). The num- 
ber of CDla"^ and CDlc"^ cells was almost equal in the epithe- 
lium, whereas in the submucosal tissues, CDlc"^ cells were more 
abundant than CD la"^ cells (Figure 3). A very small number of 
CD 83**" cells was observed in the submucosal tissues of the con- 
trol subjects with normal lungs (0.04 ± 0.04 cells/mm) (Figure 3). 

In the patients with DPB, marked increases in the number 
of CDla"", CDlc"^, and CD83^ cells with dendritic morphol- 
ogy were observed in the submucosal tissues compared with 



the control subjects (Figures 3 and 4). The number of CDla"^ 
and CDlc*^ cells was significantly higher (17.0- and 13.9-fold, 
respectively) in patients with DPB (3.23 ± 0.58 and 9.36 ± 
2.84 cells/mm. respectively) than in the control subjects (Fig- 
ure 3). Interestingly, in the patients with DPB, we found a 
striking increase (117.5-fold) of CD83'' cells (4.70 ± 1.73 cells/ 
mm), which were considered to be pheotypicaUy and function- 
ally mature, in the bronchiolar submucosal tissues (Figures 3 
and 4). Although the number of these three mAb-positive 
cells was higher in both the bronchiolar epithelium and sub- 
mucosal tissues of the patients with DPB than in the control 
subjects, the degree of increase in the cell number was much 
larger in the submucosal tissues than in the epithelium. 

Expresaon of GM~CSF Protein in the Bronchiolar Tissues 

Normal bronchiolar epithelial cells were weakly but uniformly 
positive for anti-GM-CSF antibody (Figure 5). In patients with 
DPB, the bronchiolar epithelial cells strongly expressed GM- 
CSF protein (Figure 5). The intensity of its staining was much 
stronger in patients with DPB than in the control subjects. 

Macrophages In the Bronchiolar Tissues 
To compare the distribution of DCs with that of other antigen- 
presenting cells, we also evaluated the number of macrophages 
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Figure 2, Number of CD1a"^, CD1c-^, and CD83"^ cells In the bronchi- 
olar epithelium. 
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Ftgurea. Immunostained bronchiolar tissue of patients with DPB. CDIa"^, CD1c+, 0083"*^, and CD68+ cells are shown in bronchiolar tissue (A B, 
C and D, respectively, original magnification: X100). CDIa"^, CDIc"', and 0083-^ cells displaying a dendritic shape Increased in submucosal tissue 
compared with bronchiolar epithelium. 



in the bronchiolar tissues using anti-CD 68 mAb. CD 68, which 

is commonly used as a macrophage marker, is also expressed 
on small population of DC lineage cells (15, 16). However, its 
staining patterns differ between macrophages and DCs. Mac- 
rophages show homogeneous pancytoplasraic positivity for 
anti-CD68 mAb, whereas perinuclear dot-like staining is ob- 



served in DCs (17-19). Thus, cells uniformly stained in their 
cytoplasm with anti-CD 68 mAb were counted as a macroph- 
age. In the normal human lung, CD 68"^ cells were absent in 
the bronchiolar epithelium and there were very few CD 68"^ 
cells in the submucosal tissues of the bronchioles (0.01 ± 0.01 
cells/mm). On the other hand, in the lungs of the patients with 




Figured. Bcpresaon of GM-CSF protein in the bronchiolar tissues. Normal bronchiolar epithelial cells were weakly positive for GM -CSF (A original 
magnification: X100), whereasthose of patients with DPB strongly expressed GM-CSFprotein original magnification: xiOO), 
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DPB, the aumber of CD 68"^ cells markedly increased in 
both the epithelium and the submucosal tissues of the bronchi- 
oles (0.05 ± 0.04 cells/mm and 0.37 ± 0.23 cells/mm, respec- 
tively) (Figure 4), though their differences were not signifi- 
cant. In comparing the numerical density of macrophages with 
that of DCs in patients with DPB, the number of macrophages 
was markedly lower than the numbers of CD la"^, CD Ic**", and 
CDSS*^ DCs in the bronchiolar tissues of patients with DPB 
(macrophages versus CDla-" DCs, p - 0.0503, p - 0.0076; 
macrophages versus CDlc"* DCs, p = 0.0055, p = 0.0076; mac- 
rophages versus CDSS"*" DCs, p = 0.0102, p - 0.0132; in the 
epithelium and submucosal tissues, respectively). 

DISCUSSION 

In this study, we demonstrated that the number of DCs in the 
bronchiolai' epithelium and submucosal tissues of patients with 
DPB was significantly higher than in control subjects with nor- 
mal lungs. Additionally, the increases in the number of DCs 
were found to be more marked in the submucosal tissues than 
in the epithelium of the bronchioles. 

In control subjects with normal lungs, we found that DC 
lineage cells expressing CD la and CD Ic were present in the 
bronchiolar tissues. Previous studies reported that CD la * 
cells were mainly distributed within the bronchiolar epithe- 
lium, whereas CDlc*^ cells were predominant in the peribron- 
chiolar tissue (20, 21). In this study, however, there was no sig- 
nificant difference in the number of CDla"^ and CDlc"^ cells 
within the epithelium. In the submucosal tissues of the bron- 
chioles, CDlc"^ cells predominated over CDla"^ cells, consis- 
tent with previous reports. To date there is no report having 
examined the presence of CD 83"^ cells in bronchiolar tissues. 
CD 83 antigen is a newly established DC-specific marker that 
is expressed by mature DCs and can be used to delineate the 
maturation of cultured human blood DCs (22-24). We found 
few CD 83"^ cells in the normal bronchiolar tissues. 

In the bronchiolar tissues of patients with DPB having 
chronic inflammation predominantly around the bronchioles, 
marked increases in the number of CDla"*", CDlc''', and 
CD 83"^ cells were observed in both the bronchiolar epithelium 
and submucosal tissues. Moreover, the increases of these posi- 
tive cells in patients with DPB were more prominent in the 
submucosal tissues than in the epithelium (CD la, 1.6-fold in- 
crease versus 17.0-fold increase; CDlc, 3.0-fold versus 13.9- 
fold; CD 83, 12.5-fold versus 117.5-fold, in the epithelium and 
submucosal tissues, respectively, compared with the control 
subjects with normal lungs). Since an intense infiltration of T 
cells was present in the bronchiolar submucosal tissues of pa- 
tients with DPB (13), there is a possibility that increased DCs 
in the submucosal tissues may present inhaled antigens and/or 
pathogens directly to the infiltrating T cells there, in addition 
to migrating to regional lymph nodes and stimulating T cells in 
the lymph nodes. More interestingly, we found the most strik- 
ing increase in the number of CD 83'*' cells in the submucosal 
tissues of patients with DPB, whereas there were very few 
CD 83"*" cells in the normal bronchiolar tissues. As previously 
described, CD 83"^ cells are demonstrated to be very mature 
DCs, which express high levels of MHC class 11 antigens and 
adhesion molecules, such as CD 80 and CD 86, and have a 
strong antigen-presenting function (23, 24). Thus, marked ac- 
cumulation of CD83'^ mature DCs in the submucosal tissues in 
patients with DPB could result in effective stimulation of the 
submucosal infiltrating T cells by their powerful antigen-pre- 
senting capacity. 

In patients with asthma, the number of DCs in the large air- 
ways has also been reported to increase significantly over con- 



trol subjects (8-10). In these studies, consistent with our re- 
sults, the number of subepithelial DCs was significantly higher 
than that of intraepithelial DCs. Although the primarily af- 
fected sites of the ah-ways differ between patients with DPB 
and patients with asthma, DCs are thought to accumulate pre- 
dominantly in submucosal tissues in which T cells are infiltrat- 
ing in both diseases. 

Little is known about the factors governing the distribution 
and differentiated state of DC lineage in the lung. It has been 
reported that S-lOO"^ and/or CD la"*" DCs accumulate within 
cancers in the lung (25, 26). Recently, several studies demon- 
strated a close correlation between the production of GM- 
CSF from cancers in the lung and the number of CDla"*" DCs 
infiltrating the tumors (21). Moreover, in subjects with normal 
lungs, DCs were reported to be preferentially distributed at 
the sites at which GM-CSF was locally produced, such as the 
bronchiolar epithelium (21). Since GM-CSF has been demon- 
strated to have important effects on the differentiation and 
function of DCs (27-29), it is suggested that the local produc- 
tion of GM-CSF by the tumor cells or epithelial cells plays a 
crucial role in the recruitment and differentiation of DCs. In 
this study, we found that the bronchiolar epithelial cells in pa- 
tients with DPB were strongly positive for GM-CSF, suggest- 
ing that local production of GM-CSF was enhanced in the 
bronchiolar tissues of patients with DPB. Since a variety of in- 
flammatory stimuli are known to augment GM-CSF produc- 
tion by epithelial cells and other types of cells (30, 31), in- 
creased GM-CSF production by these cells in the inflamed 
bronchiolar tissues of patients with DPB appeared to be re- 
sponsible for the accumulation and differentiation of DCs. Al- 
though normal bronchial epithelial cells produced GM-CSF, 
the amount of GM-CSF protein was much lower in control 
subjects with normal lungs than in patients with DPB, as as- 
sessed by its staining intensity. Recently several chemokine re- 
ceptors were reported to be expressed by DCs, depending on 
then* states of differentiation (32). Moreover, a variety of 
chemokines have been described as candidates of chemotactic 
factors for DCs (33, 34), Thus, it is likely that other chemok- 
ines released in the inflamed lung may also be involved in the 
accumulation of DCs in the bronchiolar tissues of patients 
with DPB. More works will be needed to determine which 
chemokine(s) play a central role in the increase of DCs in the 
bronchiolar tissues of patients with DPB. 

To investigate the distribution of other antigen-presenting 
cells in the bronchiolar tissues of patients with DPB, we also ex- 
amined the number of macrophages and compared it to that of 
DCs. Although there was a negligible number of macrophages 
in control subjects with normal bronchiolar tissues, the patients 
with DPB showed marked increases of CD 68"^ macrophages m 
the epitheHum and submucosal tissues of the bronchioles. How- 
ever, the number of macrophages was markedly lower than the 
numbers of CDla"", CD Ic"^, and CD 83"^ DCs in the bronchiolar 
tissues of patients with DPB, suggesting that DCs were lilcely to 
be prominent antigen-presenting cells in the small airways of 
patients with DPB. It has been established that alveolar mac- 
rophages suppress T-cell proliferation as well as DC function 
(5-7). On the other hand, interstitial lung macrophages were 
shown to effectively activate T cells (35), indicating that the 
function of lung macrophages varies in their anatomical loca- 
tions of the lung in terms of T-cell stimulatory capacity. How- 
ever, little is known about the function of macrophages in the 
bronchiolar tissues. Further study is required to elucidate their 
precise roles in the mucosal immune response. 

In summary, this study shows that the numbers of DC-lin- 
eage cells markedly increased in the bronchiolar tissues of pa- 
tients with DPB together with their phenotypic maturation, 
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suggesting that these accumulated DCs may play an important 
role in the mucosal immune response against inhaled patho- 
gens through their potent antigen-presenting function in pa- 
tients withDPB. 
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